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THE CALIFORNIA AVOCADO INDUSTRY. 


Avocado growing is still one of the infant industries of California. 
Although many single trees or small groups of trees have been in 
existence for some time, real attempts at commercial production 
extend back for little more than 10 years. About 45,000 trees are 
now registered, but the greater part of these are not in bearing and 
many more are dooryard trees not intended for commercial purposes. 
Large commercial plantings are rare and the industry will not reach 
its maximum for years to come. All of the different varieties now 
being planted are more or less in the experimental stage, for no large 
planting is old enough yet to tell what the trees will do at an advanced 
age under orchard conditions. 

It would be difficult to list all the varieties of the avocado in 
California, for new types of trees are being continually raised from 
seed and the first fruits of several such trees are exhibited at prac- 
tically all of the meetings of the California Avocado Association. 
The fruit of most of these trees, however, is too poor to be of use, so 


1 The writers are indebted to the California Avocado Association, a cooperative body of avocado growers, 
and to many individual growers for information and material of great assistance in this investigation. 
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that the trees are budded over to more promising varieties. At the 
1920 spring meeting of the California Avocado Association more than 
60 varieties of avocados were on exhibition. In a wise attempt to 
restrain the commercial plantings of new varieties or strains which 
have not been thoroughly tested, the association maintains a list of 
those recommended for commercial use. The varieties now listed 
are Dickinson, Fuerte, Puebla, Sharpless, and Spinks. Blakeman, 
Lyon, and Taft, listed in 1919, have been dropped. Descriptions of 
these varieties can be found in the annual report of the California 
Avocado Association for 1917 and in the Manual of Tropical and 
Subtropical Fruits, by Wilson Popenoe. 


PURPOSE OF INVESTIGATION. 


When it is desirable to harvest fruits or vegetables before they 
mature, the problem of determining the time of their optimum 
condition is seldom an easy one. It is particularly difficult in the 
case of fruits that are raised at a great distance from their markets, 
in which class belong practically all Pacific coast fruits. Much 
difficulty has been experienced in trying to place these fruits in eastern 
markets in a state satisfactory to the consumer, the tendency being to 
harvest the fruit before it is ready, which results in putting a poor 
and flavorless product in the hands of the consumer. 

While it is true that the avocado has not yet reached the stage of 
development where it is being shipped to eastern markets in commer- 
cial quantities, that time is fast approaching, and even now, under the 
commercial methods of marketing it in California, knowledge of its 
composition at maturity is imperative. Avocados are harvested 
while hard and kept in storage at hotels, clubs, or markets until they 
have softened. If picked too early the fruit has a tendency to 
shrivel and become ‘“‘rubbery,’’ is watery, and lacks the characteristic 
flavor of well-matured fruit. Its maturity problem thus assumes 
special importance. Furthermore, this fruit is now in the first 
period of its development, as far as the American market is concerned. 
False impressions of its quality created at this time may greatly 
injure its future. Already some adverse criticism of the avocado, 
usually traceable to those who have bought immature fruits, is 
encountered. 

The composition of fruit of all of the varieties now grown and of 
that from seedling trees brought into bearing each year, therefore, is 
a matter of no little interest to the avocado grower. The work here 
reported was undertaken for the purpose of throwing some light 
upon the problems just enumerated. 
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INVESTIGATIONAL WORK. 


METHODS OF SAMPLING. 


It has been somewhat difficult to get satisfactory trees from which 
to obtain samples. Orchards are still too few to afford much choice. 
For satisfactory data upon which to base opinions of either maturity 
or average composition, samples of each variety should be secured 
from each of several districts throughout the State. 

Ideal conditions can be secured only where each variety is found 
growing in the same orchard, thus being exposed to the same climatic 
conditions and receiving identical cultivation. As some growers 
neither cultivate nor fertilize their trees, while others do both, it is 
well within the realm of possibility that the same variety of fruit 
grown under such varying conditions will differ markedly in compo- 
sition and maturity. While conditions at the time this work was 
undertaken were far from ideal, the knowledge gained by any experi- 
ment goes far in guiding the industry along the right paths. 

A single tree of each of the eight varieties recommended by the 
California Avocado Association in 1919? was selected, in a location 
where orchard conditions existed, without regard to climatic condi- 
tions. Each location was in a district where the avocado 1s commer- 
cially grown. 

The trees were located as follows: The Blakeman at Altadena, the 
Dickinson at Chula Vista, the Fuerte at Yorba Linda, the Lyon at 
Whittier, the Puebla at San ‘Fernando, the Sharpless at Tustin, the 
Spinks at Duarte, and the Taft at Yorba Linda. This lst shows a 
wide distribution of locations, each growing district of California 
being represented with the exception of Ventura and Santa Barbara 
Counties. 

All of the fruit on the trees, which were young, strong growing 
specimens, bearing from 25 to 75 fruits, was reserved for samples. 
Although most of the locations were in secluded areas, a great deal 
of the fruit was stolen. Loss in one location was caused by wind 
storms. 

Depending on the number of fruits on the tree, samples consisting 
of from one to six fruits were sent to the laboratory for analysis at 
monthly intervals. When possible the samples were divided at the 
laboratory into equal subdivisions, one of which was analyzed at 
once, the other being wrapped in paper and permitted to soften at 
room temperature before analysis. Whenever it was necessary to 
store samples after they were ready for analysis, they were held at 
a temperature of from 35° to 45° F. The samples analyzed at once 
are here designated “‘fresh samples,’ the others, ‘‘storage samples.”’ 


2 Three of these varieties have since been taken from the list because of alleged faults in the trees or 
fruits. These faults, however, had no bearing on the composition of the fruit. 
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METHODS OF ANALYSIS. 


The methods of analysis of the Association of Official Agricultural 
Chemists were used. ! 

Specific gravity of the fruit was determined by weighing it in air 
and under water. Each fruit was then cut in half, lengthwise, the 
seed removed, and the pulp separated from the skin by means of a 
spoon. Often it was necessary to remove the skin of the fresh 
immature samples by paring. Im such cases the separations could 
not always be accurately made, a fact which must be taken into 
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FIGURE 1.—Monthly increase in fat content of the edible portion of avocados. 


consideration in interpreting the results. The seed, skin, and pulp 
were weighed and the percentage of each was determined. 

Moisture was determined by drying to constant weight in vacuo 
at 70° C. 

Ash was determined by thoroughly charring the sample at low 
heat, extracting the char with hot water, and ashing the residue at 
red heat. Next the water-soluble ash was added. The whole was 
then evaporated to dryness and heated to very low redness. 


ss 
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Fat was. extracted from the moisture-free samples with anhydrous 
ether in a Soxhlet apparatus. 

Sugar was determined after inversion in the cold, by the usual 
reduction methods, the cuprous oxid being determined by the 
optional official method, using ferrous sulphate and permanganate 
solution. 

Nitrogen was determined by the Gunning method, the result 
obtained being multiplied by 6.25 for protein. 

Crude fiber was determined by the usual method. 


RESULTS OF INVESTIGATION. 


The results of this investigation are given in Tables 1 to 6. Table 
1 shows the rank of each variety in the matter of weight, percentage 
of edible portion, seed, and skin, and the percentage of pro- 
tien, fat, and crude fiber in the edible portion. The data obtained 
from the analyses of the fruit from the selected trees are presented 
in Table 2, and, in order to facilitate comparisons, the same data, 
calculated to a water-free basis, are given in Table 3. Table 4 
shows the number of days elapsing between the time the fruits 
were picked and the time they became soft enough to eat. 
Table 5 gives the results obtained from the analyses of miscellaneous 
samples of avocados grown in California. Table 6 gives the results 
obtained from the analyses of samples of fruit of the varieties intro- 
duced from Guatemala and South America by the Office of Seed and 
Plant Introduction, Bureau of Plant Industry, United States Depart- 
ment of Agriculture. Figure 1 shows the increase in the fat content 
of the edible portion of the standard varieties of avocados during 
growth. 

TaBLE 1.—Comparison of varieties of the avocado. 


| 
Weight. Seed. | Skin. 
Rank. = : = 

| Variety. Ounces. Variety. Per cent. | Variety. Per cent. 

: 
i so narplesseae 3. 2: Paw An EU set 5 epee eos), | MLPA (elo) es ee es al OD 
PAPI Se ees LON Sa|OSharplessse css ce S56 | Menten ass) sae ae 5.6 
Sal eplakemansase 254.02 Seale Dick msSOne seen Oy iBlakemaneaen sss s 6.7 
Bpiloyorte se Tow aa eayOn. us take eee OFT WS pildcs)o Seen ge 7.0 
EC i ie aa ee ee Pama we abi? ae ye. act 1is8| Sharpless sf. a8 25 2 7.5 
Oa SUIETLe ae ar te Se 14ey7aheBlakeman.- shee se BAG) ARGS os Lise crete op 8.6 
(|) Diekinsons2: 24252 5.2 SRW SPIMKS: ob ey be Mie 7. | ayn 47 2 AR) a 9.5 
Si eeae place -8 Stet 4 BUSA Ue hats eye 2 1954 )) Dickimson-cs-48 3.2 18.9 

| 

: “44 | Protein in edible por- are : ‘ Crude fiber in edible 
Edible portion. hone Fat in edible portion. portion. 
Rank. | : 
Variety. Per cent. Variety. Per cent. Variety. Per cent. Variety. |Percent. 
| | | 

te eailertes: 2. So50))) von se 2 ALOT: | PETIEELe tte 29) 93+) TatG Et se 0.73 
2 | Sharpless. ... 84.0 | Spinks......-| 2.70 | Liyon........| 26.89 | Sharpless-.-- 1.09 
Se eAVION soc se el 15) 9" Puente. 5.22% Bao Wie planes. 26.45 | Spinks...... 1.09 
4 | Blakeman..-.| 76.4 | Puebla....... 2.30 | Blakeman.... 2155+) Puebla: +222 1.12 
ou buebla.... 2... 74.0 | Blakeman....! PHAN ee Abas se eet 185895 |Slavonme 1S 
Goisopmks 2s. 73.0 | Sharpless.-.-- POZA Spinks. eee 18.53 | Dickinson... 1.19 
Pa lpelsetbs 352 2. 5S 72.0 | Dickinson..-. 1.66 | Sharpless....| 18.41 | Blakeman... 1,24 
8 | Dickinson... - GS. Dal bese) ers a 1.36 | Diekinson....} 14.45 | Huertesee 6 1.35 
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TABLE 2.—Composition of avocados at different stages of maturity. 


BLAKEMAN (ALTADENA). 


| | Edible portion. 


| (<2) 1 
Month} Condi- ae Specific Edible ees | = 
-picked.| tion S- |sravity.| POF kan jseed. ea 
5 ‘| : SS “| tion. Mois- | Aah Pro- Fat Total | Crude 
Skt | ture. | ““*"" | tein. * lsugars.! fiber. 
| 
| Per. Per \¢Per |) Palen) Per acer \ Pesrieelen 
| Ozs. cent. | cent. | cent. | cent. | cent.| cent.| cent. | cent. | cent. 
Nov...| Storage | 10. 9 | 0. 9635 73. 1 12.6 | 141 | 84.37 | 0.87 | 1.11 7.83.| 1.76 1.24 
Feb...| Fresh | 14.3 | .9915| 76.8| 129| 9.9| 75.67 | 1.38] 1.01 | 13.93] 1.69 |.._.... 
Feb...) Storage-..| 13.1 9868 | 74.4 10.7 | 14.7 | 75.77 | 1.50 | 1.22 | 16.56} +82 1525 
Nias eee One sr 16.5 | 1.0085 | 74.6 9.4.4 1527 1.76.16 1 22.) 1.03-| 16. 04 | 70 125 
May...|- doze 18. 2 | 1. 0188 76. 4 G27 | 26:9) | (695740) 1. 6 | 2.29, \ 2155" 49| 1.53 
| 
DICKINSON (CHULA VISTA). 

Taare se l j i l l Toe 
Jan...| Fresh...:/ 11.6 | 1.0173 |) 65.3} 22.8) 11.2 | 84.84} 0.90} 0:79))) 4.17] 3.50}... 
Jan. ..| Storage.) 10.6.|)).9428'|, 684-1 2159. | © .0:5:| 86.47 dul. 20 | 01 | 6.84. |e Sena 
Feb--!| Fresh... 2} 11.2 |1:0159 | 65.0 | 2S PF TIOL DES 2302. G4ky SxOe)F BS. 230! | eee 
Feb...) Storage..| 9.7 | .9753 | 67.6) 19.7 T1S8O'| 86510 11202" |) 5944720 | 990 1.34 
Mar.._| Fresh...-.| 11.4 | 1.0160 62.0 2od1 4) P23 | 283.95 7]: 1203 194) (6345. D5R eT ee 
Mar:..| Storage. | 10:2 | :9540 | 66.7] 20.6 | 12. 7;| 85:40'/°1.19 | 1.31 | 7/80) “7584 1/30 
Apr...| Fresh-.2.|/11.6 | 1.0063 |} 62.0 | (23.3 14.3 | 84.56 | 1.23 | 1.37 7. 63 | TY fel SM ae 
Apr...' Storage..| 10.5 . 9650 65.8 | 20.8 1321 | 84710) 12 | Sh 9°68) 36 1.19 
Mayes= 22 do2=34. 10.9 | 4.0031 G83) |e L822 133) | 82574" | 32°) 1664" (9284: .41 1.30 
Mey kd On. ae 13.4) .9858.) 68.5} 18.9} 12.7 | 81.03 | 1.28 | 1.40 | 10.96 = 46 °|0° 26 
June.-. Fresh..--] 16.0) .9892')° 70.2} 18.8} 10.9 | 75.41 | 1/41 | 1.90) 14.06 i el ae) PE Se 
June... Storage..| 11.2, .9770 | 60.1 21.4 |, 18.5.] 75.82 |.1.56 | 1.66) 14.45.) ,.57 ), 1.68 

i | | } } | 
FUERTE (YORBA LINDA). 
{ | | | | | | 
Sept...' Fresh....| 8.9 | 0.9958 | 73.4; 11.0 14.6 | 81.69 | 0.72 | 1.50 | 6.97 3. 06 P22 
Sept Storage Sad | .9969 | 76.9 9.5 13.0 | 82:33'| -80 | 1-66) 9.61] 69 1.48 
Oct Fresh.. 11.5 BPA eerie Cie rime ie: 13.5 | 78.35.) .76 | 1.44.) 11.32 | 2.12 1.35 
Oct Storage 10.1 | 1.0099 | 77.8) 6.2 15.4 | 78.97 91 |} 1.75 | 12.46 1.02 1.50 
Nov Fresh 11.2} .9864 | 78.0 Wists 13:8 | 272) 1.02 }- 1.55 | 17.61 1.0871 * -1432 
Nov Storage 10.2 | 1.0075-| 76.4) 6.4 16. 7°} 70.93 |. 1.24 | 1.88 | 20.57 -71 1.62 
Dee Fresh 12.2 59762 | “71 8.3 14.1 | 67.42 | 1.17 | 1.7 23.99 58 1.47 
Dec Storage 10.0 -9810 | 80.5} 6.8 | 12.5 | 64.18 | 1.69 | 1.99 26.99 OF 1. 64 
| Jan Fresh 13.9 .9728 | FAG oe Had 15.2 | 65.99 | 1.24 | 1.49 | 25.12 -38 1.33 
| Jan Storage 1256" ]) 9960 1° e924) 653 13.9 | 65.31 | 1.25 | 1.49 | 26.62 . 29 1.44 
| Mar Fresh | 16.7 © 9616+ 27959) eee TE Ol - 63593" baste ole onl Zoek saby. 1.08 
| Mar...| Storage..| 14.7] .9861| 81.6| 5.6] 12.7| 62.08/1.43| 1.68 |29.74| .39] 1.36 
| Apr...| Fresh....| 13.9 .9596 | 79.2} 9.1 11.2 | 63.46 | 1.40 | 1.88 | 28.19 a hi bel pene oe 
Apr...| Storage..| 13.1 | .9626 | 82.6 Cad 9.7 | 62.07 | 1.42 | 2.10 7 Fa es 1.42 
May...| Fresh....| 11.4 | .9688 78.9 10.9 9. 7°}. 61.08 | 1.33 | 2.32 | 30.15 aid 1.24 
May... Storage..| 11.4] .9616| 85.0} 6.0] 8.5 | 63.94 | 1.41 | 2.32 | 28.06} .28 | 1.35 
| J 1 J 


LYON (WHITTIER). 


| | | 
Oct...| Fresh....} 5.5 | 0.9954] 61.9] 19.1) 18.4] 85.87 | 0.61] 1.71 | 4.26] 2.59 |...._.. 
Oct...| Storage..| 4.8 | .9790| 65.5 | 15.6) 18.6] 85.45 | .87| 2.10) 5.90] 1.56] 1.15 
Nov...| Fresh....| 11.2'| .9968 | 65.4}. 161] 17/5" 82.481 .73)| 1.36] -6.55°)oS)82 | 2a 
Nov...| Storage..| 9.1| 19144] 66.7 | 13.8| 19.4] 83.13| .81| 1.71] 9.52| 1.81] 1.20 
Dec...| Fresh....| 12.4 | .9902| 66.6] 15.8| 17.1] 81.49] .68|1.27| 7.63] 3.28)....... 
Dec...| Storage..| 9.8 | .9292| 69.0] 12.9/ 18.0/| 80.59| .93/1.49| 10.42] 2.24] 1.16 
Jan...| Fresh..-.| 12.5 | 1.0052 | 68.0} 18.2 |. 13.5 | 73.20] .96] 1.93 | 14,01] 2.92}... : 
Jan...| Storage..| 10.3 | .9317| 63.6 | 13.0) 23.2) 74.83 | 1.06 | 2.25] 15.76} 1.51) 1.35 
Mar...| Fresh....| 14.3 | .9990| 68.6] 15.3 15.8} 69.85 | 1.09 | 2.34 | 16.66] 1.67 |....... 
Mar...| Storage..| 13.4 | .9892| 68.6| 11.7| 19.4 | 70.66 | 1.17 | 2.45 | 19.29} 1.90) 1.19 
Apr...| Fresh....| 16.5 | .9833 | 70.9] 14.8 | 14.1] 66.79 | 1.19 | 2.60 | 21.34 | 1.29)....... 
Apr...| Storage..| 13.2 | .9798| 70.5| 10.8| 18.6 | 66.13 | 1.24 | 3.02 | 23.41] 1.65] 1.25 
May...| Fresh....| 14.8 | .9849| 72.5| 14.6 | 12.4 | 62.95 | 1.19 | 3.41 | 25.07] .80|....... 
May...| Storage..| 10.6 | .9719| 78.9] 11.4) 9.7 | 61.56 | 1.43 | 4.37 | 26.89] .94] 1.29 
June..| Fresh....| 15.9 | .9827| 77.1 | 11.5 11.0 | 64.44 | 1.33 | 2.66 | 22.91 | 1.07 }....... 
June..) Storage..| 15.3 | 1.0051 | 76.9| 9.5 13.0 64.58 | 1.29 | 3.28 | 24.43) .37| 1.22 
Fuly, -}...d0.¥... 16.7 | .9656| 77.8} 41.1 11.0} 68.52 | 1.17 | 3.02 | 25.57} .53) 1.15 
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TABLE 2.—Composition of avocados at different stages of maturity—Continued. 


PUEBLA (SAN FERNANDO). 


Sas Edible portion. 
= ~ } | 
Sam Month| Condi- | #< Specific Edible| : yas 
ple picked tion © leravity.| Por | Skin. Seed. 
No. j ; Pk **| tion | Mois-| 4. | Pro-| paz. | Total | Crude 
9 | ture. | ***?"| tein at. ‘sugars.| fiber. 
Pel, | Pers |) Pereee emp erer. | Pena Per! iets | oeer 
Ozs. | cent cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. 
36 | Oct...| Fresh....| 6.9 | 1.0107 64.9 10.3 24.4 ; 82.88 | 0.83 | 1.77 6.72 Zpols |e see ae 
37 | Oct...| Storage..| 5.7 | 1.03824 | 67.5 G1) |) 25.6%) 80.12") 1.10 |'2. 30°) 8.87 | 2.58 1. 3F 
40 | Nov...| Fresh....] 7.2 | 1.0147 G7. 71a 824 23.6 ; 76.29 | 1.09 | 1.62 | 13.12 LOSS pee 
41 | Nov...} Storage..| 6.9 | 1.0324 | 67.6! 5.8 | 26.4 | 73.49 | 1.34 | 2.08 | 16.36 | 1.45 1.43 
a8>\Deel..) Bresh=.2.;. 7.6 |) 1. 00221 4872.7. 9) FZ IOSOM aeOEh Lele |b G2alr15: 59)" Teva eee 
49 | Dec. Storage..| 6.6 | 1.0282 71.4 5.5 22.8 | 70.01 | 1.60 | 2.02 | 19.99 |; 1.47 1.40 
68) | Heb...|-.. dows 6.5 | 1.0225) 68.1} 8.1} 23.3 | 63.59 | 1.72 | 2.19 | 26.45 - 88 1.42 
S2p je Mar= ester dows: 853) 1.10232) |= 7420) 6220)" 19. 4 | 64.89 | 1.77 | 2.27 | 25.33 | 75 deo 
SHARPLESS (TUSTIN). 
! i | 
92 | Apr...; Fresh.-..} 18.5 | O:9906 1} 75.2 (dS Fs 10 4h A Se) AORTA 73 to. 15405 eee 
93 | Apr. Storage 18.2 . 9312 C9) | 1LOLGU ee U7 | 77.34 | 1.23 | 1.37 | 15.68 -08 1.13 
101 | May...) Fresh_. 16.4 9884 | 72.1; 15.1 | 12.5 | 76.11 | 1.17 | 1.13 | 16.05 RORG |S ieee 
102 | May. Storage. .} 11.7 - 9501 7o.1 ; 12.8 12.0 | 74.57 | 1.38 | 1.27 | 18.41 . 60 1.14 
112 | June Fresh.-...| 18.8 - 9811 (dou Loaeelee Le aw OoOOn eb 29 le dass metos 7 SALE es he 
113 | June Storage. .| 23.0 9255). 819 |) ore9) | LOs2e 75: 83ule 146) 0 31 G6: 91 . 40 j.12 
WZ Uys | 2 3d One sce 22.4 | .9781 | 80.0 9.2 | 10.6.| 74.65 | 1.50 | 1.44 | 18.39 BO 1.09 
127 | Aug._.| Fresh....| 26.6°| .9812 | 78.2] 11.7] 10.07} 73.33 | 1.42 | 1.78 | 18.47 i O4Y | pe ae 
128 | Aug...| Storage._| 23.4 | .9908 | 84.0 | 7.5] 8.6 | 73.97 | 1.58 | 1.92 | 17.88 220 is 7 
1305) Sepias|s..dOr ee. 22.9 | .9762| 82.8; 7.6 ls 9.2)1-74:94 iol |) Laon 7. vl . 36 1.20 
| | I | 
SPINKS (DUARTE). 
| | | | | | | 
5 | Dees*-| Fresh =| 14:5 170-9718 | 60/8 | 12.812 25.9 | 78.55 | 1.13-| 1.40") 41.03.| . 207611; Bea 
dt | Dec “| Storage: ») 130° | 9460 |= 64-8 | 11 8*)—° 23. 3°) 27.62) 4-1252- | 1 SHe-) 12522 1. 06 1.27 
7i | Mar?\_| Fresh-...| 15.8 |' .9853} 64.1 | 12.2) 23.3 | 76.15.|-1.19-| 1.53 | 14.36 | 1.52 |..22... 
75 | Mar. Storage. .| 12.6 9950 | 69.8 | 10.6 | 19.1 | 73.04 | 1.42 | 1.84 | 17.23 -93'| 1.28 
So eApre.-) Breshe.--|. 17.0 | .9527 1 60.2 || 135531) 20.7 1-72.56 | 1-43-2365) 18.13 e5B|L Wines 
86 | Apr...| Storage../ 18.8 | 1.0001 69.5; 8.5 21.8 | 72.66 | 1.44 | 2:32 | 18.53 PO9s | el 109 
108 | May Fresh....| 21.0 | 9450 | 68.51 9.4.) 21.7 >| 73.74 | 1.40 | 2.407 16.96 |. 217) |2 225... 
109 | May Storage. c\|192 Sule. S987, |=. 7380 |< 7 OP 19) 251 72. 850) 1254s | OER OMB ERE AT | ek Uaseeemt Ae 
So) June- | Mresh-- | 16.9) 1. 9403 | 6971 | 18.27) > 19°39) 274.45 1.24) 1.79%)" 17. 03 | SADT eee 
119)} Junme-=| Storage..| 13.1 |°1.0038 | 71.0) 11.2°|° 17.7 | 73.4%): 1.42: | 12927) 17.21 | -. 62) 1.387 
175% Rotlivas |e. dO... = | 17.5 | 1.0147 | 64.0) ).5 7.0, | 20,0 (75. 66 | 142 | 1.66.) 16:04 |. 1240) |2 eee 
126) | Awig-- ts. .do!... 1 15.3. | 1, 0152 | 69rd ~ 18.9) 21 45/575. 27,| 1.53 | 2:70 | 15. 54 . 62 1. 20 
#29") Sept..|©. 500... 2. | 18.8 | .9830 | 71.8 | 8.1] 20.2 | 75.66 | 1.60 | 2.62 | 15.14 . 40 1.09 
| | | 
TAFT (YORBA LINDA) 
25 | Sept..| Fresh....| 4.8 | 0.9870 | 64.7 10.71 23.9 | 87.97 | 0.58] 1.23) 2.20]. 3.60 |.....-. 
26 Sept. Storage..| 3.8] .9869| 71.5| 86) 19.8 | 88.67 SOAR Mea eel Sec 1. 58 1. 00 
Pan eOcras tr nesin st. 740) 1 004415 78.3 | 16. O58" 01 4 S7.a7 15-5594) - 2 96M N82 89: SIRO eee 
35 | Oct...) Storage 4.9} .9460] 71.8 | 16.4] 11.8 | 88.67 | .67]| 1.16 | 3.34] 2.04 | 73 
44 Nov Fresh...-| 9.8 | 1.0001 70360) LOR SATIS GR R45 345 AON Pe 6Gnt Ge 45st 4 24038 | eckerae 
45 | Nov...| Storage..| 8.5 | .9443| 67.3) 16.7 15.8 | 84.46 | .85) .83 7. 56 LST) . 99 
50 } Dee Hires ieee 749) | 100200) G89) EOS ASS PSs o8e| a(S al oe | eOg6R4 |= ero a eee 
51 | Dec Storage..| 8.3] .9749| 70.8] 13.8| 15.3 | 83.86 | 1.13] .79'| 8.60] 1.28 | 93 
Giaianee|sc dO. ts. Seen Go2e | AO iia| Lose 13.7 | 80.04 | 1.24 | 1.03 | 12.46 syle OW 
fa) Mar. ase dopsaes 14,4 | .9927 72.0°) W.7 16.3 | 78.87 | 1.11 .79 | 13.12 . 68 | at 
87 | Apr..-| dors 14.2 | .9835 70-0 | 1222 V7 20) 46: 02 | 12355) 1240 VIerSs 51 fe) - 95 
103 | May ..| Fresh...-) 15.8) .9811 | 69.8) 15.1 14.6 | 72.01 | 1.60 | 1.53 | 19. 48 sal lee ea ee 
104 | May --| Storage 15.3 1.0025 | 71.6 10.8 | 17.4 | 73.75 | 1.45 | 1.31 | 18.89 58} 1.03 
114 | June..| Fresh....) 16.4 | .9981 | 66.4, 14.5] 18.9 | 71.55 | 1.47 | 1.22 | 20. 27 pail. ce se 
115 | June-.} Storage../ 10.8 | 1.0141 70. 4 11.1 18.7 | 76.19.) 1.51 | 1.31 | 16.34 . 68 | 97 
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TaBLe 3.—Composition of avocados at different stages of maturity (calculated to water-free 
basis). 


BLAKEMAN (ALTADENA). 


Sam- | r 
Month | we ech ; Total Crude Undeter- 
a5 picked. | Condition. Ash. Protein. Fat. "sugars. fips lll ederienle 
No. 
Per cent.| Per cent. ; Per cent. Per cent.| Per cent. Per cent. 
abit Storage. °.5- 2a 5.57 | 7.10 50. 09 11. 26 7.89 18. 04 
Goylheps 2:2 Wresh =. 2-229) 4 ee ee 5. 67 | 4.15 57. 25 6. 95-1. 3. ae ae 
WOE Pee es SLOTave.2225--- ee ee 6. 19 5.03 | 68. 35 3.38 Res 11. 89 
See 2 EY eS G02. 22 Sees 1. 12 4, 32 7. 28 2.94 | 5. 24 | 15. 10 
Mr Lene 5 2a GOts. 2 ah eee 5. 22 | 7.29 69. 83 1.59) 4.96 11.11 


59 | Jan Breski 5. = sera ae | 503 |) CP S2b |) cee lp og DOr ae | oe eae 
GOS Ahan: S22. SEOEATC see keen 8. 87 | 7. 45 50. 55 ay By (ebs * meee fe oe 
a nee Presh?:e seen 5.96 | 5.01 37. 24 SY Fg ay oped ee etn ana 
Re ehep et. Storage. 222 2 Lats| 6.7 51.79 3. 96 9.64 | 20. 50 
Salt) Lae Brest: sie 6.42 | 5.35 38. 33 Lay eee oe ena 
Sta iar. 2a Storage. .2_ = eae 8.15 | 8. 97 53. 42 3. 97 8. 90 | 16. 58 
Sac PADE.. oiscs- | Hresii tS 2 eee 3 7.97 } 3.387 49. 43 S234 | ok. a eee es 
Be) (ean Se lpStorace: 35258. Sipser 7. 32 8. 57 63. 33 2.35 7. 78 10. 66 7 
100 | May-..-.--- fs Se O25. S82. Sees 7. 65 9. §2 57. 00 2. 38 | 7. 53 15, 82 
110 | May... -.- |. aera GO5. 2528. AEE - 6.75 | 7.38 ot. tt | 2. 42 | 6. 64 19.03 
122) ame. .- 3: |4Rresha2 2522 bee 4 5.73 | £43 57.18 | 412: best cos eee 
171 | Sime... 22. Storage... 9 Fane 22 6.45 | 6. 86 59. 76 | 2. 36 | 6.95 17. 62 
) | | 
FUERTE (YORBA LINDA). 
/ | | | 
2a NOCD =.= 55 [SE reste 2 see eee 3.93 8.19 38. 06 16.71 6.94 | 26. 16 
al sep incre | Storage. 5.22 eee eee 4.53 9. 39 | 54. 38 3. 90 8.38 19. 41 
SOC WoL (resh 22 eee crease 3. 51 6.65 | 52. 28 9.79 6. 24 21.52 
S24) EX OTe aetna SLOPASE: S82 ae a ee 4.33 | 8. 32 | 59. 25 4.85 iis 16.12 
AG} Nov...32 2: Hreshies ti seca See 3.74 5. 63 | 64. 55 3. 96 4.84 17. 23 
Ol NOW ae SUOTSEO check oe eee 4.27 6. 47 | 70. 76 2. 44 5. 57 10. 49 
5 7-4a eal = eae og Preshi ee a eae 3.59 5. 25 73. 64 1.78 | 4.51 11. 23 
Be.) Dees. Se Storage < 62-62 wee 4.72 5.56 7d. 35 1. 59 | 4.58 | 8. 21 
62 Jan. Z Fresh 4-5 42 Ja corp cape 2 5. 69 4.38 73. 86 1.12} 3.91 - 13. 08 
TSS eee SLOFALEL 055-50 ee ee 3. 60 4.29 76. 7: . 84 | 4.15 | 10. 38 
(Ob Mar =. Se: Freshiit (“Sele doen 2 SEI 4.80 72. 45 47 | 2. 99 | 15. 58 
Tt | oMar 8 a SLOTALES. 22 h- Se ee 3.77 4.43 78. 43 1.03 3. 59 | 8.76 
ele M ya Go) ae Fresh 2295s 2 2g 5 i 3.33 5.15 77.135 . 30 3.42 — 10.15 
S90 Apr. 22 Storaves sees ek = 3 3.74 5. 54 78. 91 Bai | 3. 74 | 7 rs 
97 | May...._.- re Bee a eae 3. 42 5.96 77. 47 .33 | 3.19 | 9. 64 
98 | May. -....-- SS] Rt) 24 Ss ae 3. 91 6. 43 77. 82 ath 3.74 7.32 
% 
LYON (WHITTIER). £ 
l | 7 
27 | Geb. es Bresht (st mean es | 432 1210" oh is ee ae aber ee « 
Bs | Out. 2. Stomee.<.2) See ar ee | 5.98 14.43) 40.55 | 10.72) 7.90 | 20.41 : 
BS 1 Nov.:....- Preshy. 2 SRI Ge | 4.17 | 7.76) 30381) T2689 |. ee ? 
39 | Nov....22- SLOrape. (6s. se eee 4.30} 10:14]. 56.43] 10% 7.11 | 10.79 ‘i 
aa ees. Fresh 2... 33. Soe Ae | 3. 67 6.36 | 41.24 Ly Aye Re eS fi Scio f 
55 | Dec... ._.. Storage... eet 4.79 7.68 | 53.69 11.54 5. 98 | 16. 33 
Gai) SAEs: a Presh.. 223°. Jae 3.58 | Geo | pgs ot bg SSD sn cg Se ee eee 
66 | Jan....... Storaze..25. eee | 4211, g94| 6261] 6.00 5.36 | 12.87 
TO Mgrs. = Fresh ....32.. 30950] 3. 62 | 7.76 | 55.26 | 5. SA was 6 eee 3 
80 | Mar....... Stpsaze: | <1 oa 3.99|. 835| 65.75| 648 406 | 11.38 4 
90 | Apr....... Brosh. 2=..¢ ogee 3.58 | 7.33 | 64.26] coe.) \ pee ees. Et eee 4 
91| Apr....... Stimape.s. 5. 3.2 apes ees Gh eel Saree 4.87 3. 69 | 9.74 
1 | Mays 5224 reshh .¢ sf 3k ee aes 3. 21 9. 20 7.67 2-16 [53 u- cape eee 
106 | May....... Storage. ir 3 hee ees 3.72| 1137] 69.96 2. 45 3.36 | 0.16 ‘ 
116 | June. Wresh - 2-5 si ee 3.74 7. 48 64. 43 3. OM | ese oe eee 
117 | June. SCOURPE: =. Rs Soe 3. 64 9. 26 6S. 97 1.04. 3. 44 13. 64 
ie 2 Rs a eee ed Bee G02. 23..2 5 ee ees 3.72 9. 59 81. 22 1.68 | 3. 65 -13 
| 
PUEBLA (SAN FERNANDO). 3 
36 | Oct....... Breshy: 425-2 - fate 4.85] 10.34] 39.25 1S: hea 2 | =: ee ‘ 
< ORO) eae SUG) 5 Se RES | ore 3. D3 | 11.57 44.62 12. 98 6.79 18.51 
a0 NOV... <=: Haesh. 82 oe ae ee: 4.50 | 5.85 50. 33 6292 oc2l 22h ae eee 
MOT Ws? 2. SLOBADO.. oso as Jon 5. 05 | 7.85) 61.71 5. 47 | 5.39 14.52 A 
a re ip ree eae 4.41 | 6.11} 5883 6.57). ult Sselaa eee 2 
A Sal 0 72 SUCRE Rea aut airs 5. 33 | 6.74 66. 65 4.90 4. 67 11.70 ‘ 
OLN) Pe) 9 a ae (ee G fal eee 4.72 | 6. 02 72. 65 2. 42 3. 90 10.30 
aay BD 6S RA eas UEP Seer eee eh ate 5. O4 | 6. 47 72.14 | 3.19 11.02 
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TABLE 3.—Composition of avocados at different stages of maturity (calculated to water-free 


basis) 


Continued. 


SHARPLESS (TUSTIN). 


| 
Sam- | ae 
Month ee . Total Crude | Undeter- 
ee picked Condition. Ash. Protein. Fat. sugars. fiber. mined. 
| 
Sees | 
Per cent.| Per cent. | Per cent.| Per cent. Per cent.| Per cent. 
eT | iy 0) eae ate IPeSN 2a see gene 4.94 4. 67 | 64. 35 Sal Bil Peseta er ee 
33] 50g a) ee Bae TE SRORAEC Seek se oi Se 5. 43 6.05 | 69.19 2. 56 4,99 LK. 
101 | May. Tesh seca hee Se 4. 90 4.73 67.18 SA ee ee ee ee 
402)) Mayacs.. = SUOFASC.sasen Sec ee 5. 43 4.99 72. 40 2. 36 | 4.48 10. 34 
12s SUNES oS INReSHE pagers See 5. 61 5.78 68. 62 BM LO eke aoe | See ae 
PS Ne eee ee Storace..eost 25S ee.2 6. 04 5. 42 69. 97 1.65 4.63 12. 29 
124 | Suly=-.. POO see eee cee ee 5. 92 5. 68 72. 595 1. 07 4.30 10. 49 
PT Ae ees IB GSD s3 seen ee aoe 6.17 | 69. 25 VDT. 3s 84 | ees 
ADS AIS tos on SUG roe eae ee aes 6. 07 7.38 | 68. 69 - 96 4.30 12. 60 
130 | Sept......|...-: doe ee 6. 02 5-43 | 70. 67 ic 44: |: “iP 479) eoetiaes 
SPINKS (DUARTE). 
| | | | 
malice tes trea meee Se Bar ke SM EuEs ah de-| 240.07 |. -.2. ce Bete 
ae) Dec. eo Stomice ee At 6.79 | 7.91 54.60 | 4.74 5.67 20. 28 
745 Maras oo: job nesht aero k cee oe 4.99 | 6.41 60. 21 | G637. sc 32c ee a ceee eee 
75)| Mar. -s23- ie STORAIC yeep sees Se 5.27 | 6. 82 63.91 3.45 4.75 15. 80 
S5u) Apris. 2 | Eesha 2 Sates wet ee 5. 21 | 8. 60 66.07 | 2 || 52 ee ee 
a ee 0) eae lWlOrasess ee S. <2 - St 5.27 | 8. 49 67.78 | 2.16 3.99 12. 33 
LOSH WM ay ne Resi. Se 3 seen ices F315) || 9.14 64. 59 | AG: asses {\.72 eo Sa 
109 | May.... mtoracestert es ee Sew 5. 67 | 8. 69 67.66 1.95 4.09 | 11. 93 
HS)) fune_—_.. 3. PRR OSD aes eee < 3 4. 80 | 6.92 65. 88 1262) |S. 22 ee |= -Se een 
TIGal: Pines | == SICOTA SC rere oe Ses ee FB) 7:24 64. 87 2.34 5. 16 | 15. 04 
Poh SULY See el ome CO. 62 eee cae See 5. 83 | 6. 82 65. 90 168) | 25. See oy See 
126+) Auge. 2S fase GO eeec ores 6.19 | 10. 92 | 62. 84 2.51 4.85 12.70 
129s |H Sept. oe. - sl) 2 GOS Se eras: 6. 57 | 10. 76 62. 20 1.64 | 4.48 14. 34 
| i | 1 | } 
TAFT (YORBA LINDA). 
| | | | | 
25.1) Sept. 5 = 2% oy Hets eae eee 2 eae | 4.82 | 10. 22 18. 29 | 29292 22 SRee = His Sa tee 
ZO SCPE +4.. S22 SLOTARE © sew ee ae 6.97 | 12.00 30.98 13.95 8. 82 | 27.27 
S4An CO Chase = Ts 25 se oo ete 4.75 7. 72 19. 23 | 28216 4). 2.5 Se See 
avg 6 (ee Se SLOrave. a). Sa a eee 5. 91 10. 24 24.98 18.00 | 6. 44 29. 92 
AAEN OG Vessco reshs 2.8... 2te Se 4.69 4.21 41.17.| RS auf (lah ERP ed sO Ek 
45 | Nov.. SUOrage ce 26 eens 5.47 5. 34 | 48.65 | 11.00 6.37 23.16 
atin Sd De Ces Lib Xos1 nines Seva et tate ae oe 4.75 3.17 41.90 | L528) 2.5. 55.0 SS | eee ae 
al | Dec---=-:- PS SBOEACE] f- fe 5 aees eh Soe 7.00 4.89 53. 28 | 7.93 5. 76 21.13 
Gl anorece = 2]. 2 Le OF ey ase oe 6521 | 5.16 | 62. 42 | 3.56 4. 86 17.79 
78+| Mars: 7.2 [ae cc (Re reed Nee 5uD5 3.74 62. 09 S322 4.31 | 21.39 
S72 AmES e+. - = [eaeres GOR ee ee eee nee 5.75 | 5. 96 66.10 | 3.02 4.05 15.16 
TOSap bay oe. Soe reshi as oe aoe Sa 5. 72 5.47 69. 59 7S: Semeie. Fy8| RR ys 
TEU Ba be Sey Sd NAS) ie) 7 exe 5. 52 4.99 71.97 2.21 3.92 11.39 
hia bhie se Ress Sapte See Sa 4.29 71.27 | iets fe eee Sees eR bo 
TUT eS hehe Cae | STC (2 ee eS 6. 34 5.50 68.63 | 2. 86 | 4.07 12.60 
TaBLe 4.—Numober of days required for softening avocados. 
35, % ee 7 a ier fa a z y he Fine ty 7 
Variety Sept.; Oct. | Nov. Dee. | Jan. | Feb. | Mar. | Apr. | May. |June. | July.| Aug. |Sept. 
} | 
| 
SHS Sas lessee | eee Cee ae OR eee i 6 6 2 2 6 6 
BUNERIG I~. . sae Se 13 | fia oe £2) > 16 6 | @ 5 8 | a ER Sat aS Re Sees 
PRET Pes ec oe 14. i177 | aceaeee te Fe 6 19 6 5 ih a So te Lastest eee 
Bnei oA... | Je. feat oe ee 14) os | 2) ree ee eek le | as. Te pone 
PWORoe Oo ses Sa. ]- Se <5] 5 8 (et |e 7 17 19 | 8 5 6 4 2 Nan ce ae eee 
SU Se a gt Fs el ieee tg Pa eee ee ee eee 10 7 | 5 2 6 10 
TET SS OE es ee ae ee ao Le FeO Ge O10 dtled. vo chasse eee 
1 N30 i, ae Boo. 24 ec-aae iva eee a 9 6 | ee SS ) | a a eh pas Pcie ple © 9d 
94446—22— Bull. 1073 2 
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DISCUSSION OF RESULTS. 


COMPOSITION OF STANDARD VARIETIES TESTED. 


The averages of the analyses of the standard varieties of the 
avocado can not well be used as a basis for comparison, for the 
reason that samples from some trees were taken while the fruit was 
immature and those from other trees only when the fruit had become 
almost ripe. Table 1 was arranged, therefore, to show the order 
in which each variety ranked with respect to each constituent. The 
rank is based on either the maximum or minimum figure obtained. 
The maxima are given in the case of weight, edible matter, protein, 
and fat; the minima in the case of skin, seed, and crude fiber. When 
the differences are small, these figures should not be given too much 
weight, as the relative position of the variety might be changed by 
another set of data obtained from trees differently located. It might 
be better, therefore, to rank the varieties by groups only. 

When mature, Sharpless, Spinks, and Blakeman average well over 
a pound to the fruit; Lyon, Fuerte, Taft, and Dickinson, while often 
reaching a pound in weight, average less, usually about 13 or 14 
ounces. Puebla averages about 8 ounces in weight. 

Fuerte and Sharpless have the greatest proportion of edible matter, 
more than 80 per cent. Lyon, Blakeman, Puebla, Spinks, and Taft 
have between 70 and 80 per cent. 

Puebla and Fuerte show less than 6 per cent of skin; Blakeman, 
Spinks, Sharpless, Taft, and Lyon range from 7 to 10 per cent; and 
Dickinson exceeds 18 per cent. 

Fuerte and Sharpless have the smallest seeds, with Dickimson and 
Lyon next, each of the four varieties having less than 10 per cent of 
their weight in seed. Taft and Biakeman run below 15 per cent, 
while Spinks and Puebla exceed that figure. 

When protein is considered, Lyon is the outstanding variety, 
having more than 4 per cent. In any attempt to increase the pro- 
tein content of the avocado by bud selection, therefore, this fruit 
must be considered. When mature, it contains more protein than 
any other variety yet examined. Spinks, Fuerte, Puebla, and 
Blakeman are rich in protein, having more than 2 per cent, while the 
remaining three varieties fall below that figure. 

Fuerte leads all other varieties in fat content at maturity, having 
almost 30 per cent. Lyon and Puebla are also very rich in fat, the 
best samples containing over 25 per cent. Blakeman, when mature, 
runs over 20 per cent, while Spinks, Sharpless, and Taft are just 
below that figure. Dickinson is low in fat, the best sample having 
less than 15 per cent. 

Taft has the smallest amount of fiber, the best sample showing less 
than 0.75 per cent. Sharpless and Spinks contain a little over 1 per 
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cent. Puebla, Lyon, Dickinson, and Blakeman have less than 1.25 
per cent, Fuerte being the only variety to exceed that amount. 


CORRELATION BETWEEN MATURITY AND COMPOSITION. 


Even a superficial study of the tabulated data reveals many inter- 
esting relations between the composition of the fruit and its maturity. 
The greatest problem in maturity investigations, however, is the 
correlation between physical appearance and composition. As a rule 
it is not hard to decide fairly accurately from its composition at what 
stage of growth a fruit is in its optimum condition. It is compara- 
tively difficult, however, to correlate this stage with some physical 
aspect, particularly when the optimum condition desired necessitates 
the gathering of the fruit some time before it is to be eaten or pre- 
served. All fruit reaches a stage where its maturity is manifest from 
the physical appearance, but usually when this stage is reached the 
fruit has passed the optimum condition for long shipment and per- 
haps even for storage. For instance, when cantaloupes have begun 
to develop a yellow color on the vine, the time is past when they can 
be satisfactorily shipped for long distances, and coloring on the tree 
marks the time when Bartlett pears have passed their best condition 
for shipping and storage. 

Purple or black avocados change in color during growth. An ex- 
tended study of these varieties might show some correlation between 
their color and their composition. In the case of green-colored fruit, 
however, such an opportunity is not afforded. Neither kind can be 
left on the tree until soft enough to eat, with satisfactory results, for 
besides the loss of time there is also a noticeable loss in flavor. 

The color of the stem has been suggested as an indication of 
maturity. This may be practical with some varieties, but so far 
the experience of the authors has led to no definite conclusions in 
this matter. The stems of some decidedly immature fruit are yel- 
lowish, while those of others are green after the fruit has reached 
a satisfactory state for picking. As far as physical appearance is 
concerned, it has been impossible to correlate closely any single 
character or set of characters with maturity. 

There is, however, a definite correlation between some other char- 
acteristics and ripeness. Thus, the time which elapses after picking, 
until the fruit becomes sufficiently soft to be edible, roughly indicates 
whether or not it was in a satisfactory condition when picked. Data 
in Table 4 show that during growth there is a sharp decline in the 
time necessary for this softening, but the chart (fig. 1) shows that 
this change is seldom correlated with the fat content. For stance, 
in the case of the Fuerte, in February the period elapsing between 
the time of pickmg the fruit and the time when it was soft was only 
6 days, whereas before that time this period had been from 11 to 16 
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days. The rapid increase in fat content of this variety, however, 
ceased in December, and it seems evident that the fruits were in as 
good condition for eating at that time as in February. On the 
other hand, the Taft required only 6 days for softening in March, 
eompared with 12 to 19 daysin the previousmonths. The maximum 
fat content here was not reached until May, however, and the fruit 
was perhaps ready to eat in April. The Lyon sample for March 
required 8 days to soften, whereas previously from 12 to 19 days 
had been required. The maximum fat content was not reached 
until May, and the fruit was not in satisfactory eating condition 
until April. It would thus appear that the period required for 
softening is only an approximate indication of a satisfactory con- 
dition for harvesting. 

While the fruit of several of the standard varieties was not avail- 
able in sufficient quantities for satisfactory completion of the tests, 
enough data were secured from the analyses of Fuerte, Lyon, and 
Taft to throw some light on the changes which took place as the 
fruit matured. 

Specific gravity of the fruit does not vary with maturity. With 
one of the varieties there is a possible tendency toward a lower 
specific gravity in the samples as the fruit becomes thoroughly 
mature, but this is not the general rule. For instance, with the 
Fuerte, both the fresh and storage samples tend to decrease in den- 
sity as the season advances. Starting with a specific gravity of 
0.99 or 1, they decrease in a more or less irregular way until the 
final samples show a density of about 0.96. Most of the other 
varieties, however, show no such tendency, and it may even be said 
that the tendency is toward an increase in density as the season 
advances. 

The edible matter increases in all varieties as the fruits mature, 
but there seems to be no satisfactory line of demarcation which 
indicates maturity. 

The amount of moisture, of course, varies inversely with the 
amount of fat and therefore decreases with maturity. 

The percentage of ash in avocados is relatively small. While it 
Increases with maturity, it is hardly possible to formulate a test 
with this figure as a basis. 

Protein is also higher later in the season than when the fruit is 
immature. This constituent seems variable, however, and _ there- 
fore less available for standardizing purposes. 

The fat or oil of the avocado, of course, is its chief constituent, 
and when it has reached its maximum there is no doubt that the 
fruit is mature. The question arises, however, as to how long 
before this point is reached the fruit can be harvested with satis- 
factory results as far as eating and storage qualities are concerned. 
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‘When sampling could begin soon enough, the fruits showed a con- 
sistent and more or less uniform increase in fat up to a certain poit, 
after which the increase was much less (fig. 1). Often, late in the 
season, apparent decreases are indicated, showing at least that the 
increases were not sufficient to overcome the variability of the 
samples. In the limited experience of the authors, it would seem 
that the point where the uniform increase in fat ceases is about the 
point where a satisfactory maturity is found. With the Fuerte this 
occurred in December, with the Puebla in February, with the Lyon in 
May, with the Blakeman in May, with the Spinks in March, with the 
Taft in May, and with the Sharpless in April or earlier. The Dickn- 
son samples afford no data on this point, as the sampling ceased before 
the fat content had become constant. 

The reducing substances or sugars in the pulp of the avocado 
decrease markedly as the fruit ripens, but the range is hardly suf- 
ficient to be of use in estimating maturity. Little or no sucrose is 
present in avocado pulp. 

The crude fiber changes but little during the growth of the fruit, 
such changes as take place probably being due to the variability of 
the other constituents. From the data given in Table 3, showing 
the actual content of fat on a water-free basis, however, it is evident 
that at the time the rapid increase in fat ceased, the percentages on a 
water-free basis in the different varieties were, with one exception, 
close to 70. The following are the figures: Blakeman, 70 per cent; 
Dickinson, 60 per cent; Fuerte, 75 per cent; Lyon, 70 per cent; 
Puebla, 73 per cent; Sharpless, 72 per cent; Spinks, 68 per cent; 
Taft, 72 per cent. It might be supposed from these data that 
Dickinson was not yet mature, inasmuch as sampling stopped at this 
time, but miscellaneous samples harvested even later the following 
year showed a lower content of fat than was shown by these samples. 
Experience with fully matured fruit of other varieties indicates that 
avocados rich in fat usually contain at least 70 per cent on a water- 
free basis, but the rule does not hold when the fat content at maturity 
is low. 

One other source of information concerning changes taking place 
while the fruit is ripening is afforded by the comparison of the datz. 
resulting from the analysis of the fresh and storage samples. When 
these data are confined to the edible portion of: the fruit, the differ- 
ences are more striking after the data have been reduced to a water- 
free basis (Table 3). Many interesting phenomena are revealed by 
a close study of these results. Some of them may be the result of 
errors in the analyses or of the natural variability in samples con- 
sisting of but two or three fruits, but most of them are undoubtedly 
the result of changes in composition of the fruit after it is removed 
from the tree. It is hardly practicable to analyze part of one fruit and 
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store the remainder until it has softened before analyzing it. The 
best that could be done was to select a lot containing from two to 
six fruits, as nearly uniform as possible, analyze half this number as 
soon after picking as possible, and hold the other half until they 
had become soft. The data must therefore be considered in the 
licht ofthese facts. Where, however, changes are almost always in 
one general direction, the probability of their being the result of 
individual variation is remote. 

In all, 40 samples were analyzed at once and after storage, the 
number being distributed among immature and mature fruits. Some 
difference between the specific gravity of the fresh and storage fruits 
of many varieties is shown. In some varieties the storage samples 
have a much lower specific gravity than the fresh, but in other 
varieties the reverse is true. Peculiarly enough, also, the position in 
each type when the fruits are thoroughly mature shows a tendency 
to reverse itself. Cases in point are the Taft, six samples of which 
were examined, and the Fuerte, eight samples of which were examined. 
The Taft samples in September had the same specific gravity, but 
in October, November, and December fresh samples had a higher 
gravity than the storage samples picked at the same time, while in 
May and June the reverse was true. The Fuerte samples for Sep- 
tember also had approximately the same specific gravity. The 
October, November, December, January, March, and April samples of 
fresh fruit, however, had a lower specific gravity than the storage sam- 
ples, while in May the reverse was true. Also in the case of the Lyon 
the fresh samples showed a higher specific gravity until June, when 
the storage samples had the higher density. On the other hand, the 
Puebla samples always showed a difference in specific gravity, the 
soft samples having the higher. Unfortunately, the samples were 
exhausted before thorough maturity was reached, so that any change 
late in the season escaped observation. The December samples of 
the Spinks showed a higher density in the fresh sing ies after which 
the reverse held true. 

Omitting the data on the Blakeman, only one double sample of 
which was examined, the varieties having the heavier skins (Dickin- 
son, Lyon, and Taft) have higher densities in the fresh samples. The 
thin-skinned fruits (Fuerte, Puebla, and Spinks) show a higher 
density in the case of the storage samples. Sharpless also is rather. 
thin-skinned, but acts in this respect like a thick-skinned variety. 

In several cases the pulp or edible matter increased during storage 
of the samples. Two factors may account for this—individua 
variation in the fruit and inability to separate satisfactorily the 
skin and the pulp in the very green samples. In this connection 
it will be noticed that the proportion of skin in the storage samples 
is almost always lower than that in the fresh samples. Of the 40 
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double samples, the storage fruit had 11.2 per cent of skin and the 
fresh fruit 13.8 per cent. As the moisture in the pulp was about the 
same between the two sets, this shows that any loss in weight on 
standing is largely due to loss of water from the skins. 

The proportion of seed is somewhat higher in the storage samples 
than in the fresh, about 0.8 per cent, being 15.2 for the fresh and 16. 0 
for the storage. The loss of water from the skin, which increases 
the relative proportion of the seed, probably is the cause. 

The percentage of water in the pulp varies but little. The 40 
double samples show about 0.7 per cent more water in the storage 
than in the fresh samples, a quantity which is probably negligible, 
as it amounts to only 1 per cent of the moisture content. The per- 
centage of ash is higher by approximately 10 per cent in the storage 
samples than in the fresh. The only way to explain this discrepancy, 
which is too large to be accounted for by variation in the samples, 
is by the difficulty of separating the pulp and skin of the very imma- 
ture fresh samples. The greater portion of ash in the pulp of the — 
avocado lies next to the skin. If more of the pulp of the fresh samples 
were left adhering to the skin, less ash would be apparent in the 
remaining pulp. This difficulty is not encountered in the soft sam- 
ples, as the pulp is more readily separated. The fact that the greater 
ash content is nearer the skin, found true in many fruits, has been 
confirmed in the case of the avocado by analyses made in the labo- 
ratory, which showed the outer half of the pulp next to the skin to 
have 1.54 per cent of ash, as compared with 1.36 per cent of ash in 
the inner half next the seed, the same avocado being used for each 
determination. 

The protein content shows a somewhat similar change, the average 
content for the storage samples being approximately 1.8 per cent, 
while the fresh samples contain but 1.6 per cent. Calculation to the 
water-free basis does not alter the general ratio between the protein 
contents of the samples. Another peculiarity of the data is the uni- 
form increase in the protein content of the storage samples of imma- 
ture fruits over that of the fresh samples. This is particularly notice- 
able in the case of the Lyon, where the average increase in protein of the 
storage samples over the fresh is more than 0.4 per cent. With some 
of the other varieties, this increase is more marked in the case of the 
immature fruits; after maturity there is in many cases little change, 
and in some a reverse condition is true. Taking it all in all, the results 
are inconclusive. It is hard to conceive of a condition where the 
actual nitrogen content of the fruit could be increased after removal 
from the tree. 

There also seems to be a decided increase in fat content in the 
storage samples when the fruit is immature, an increase which is not 
maintained after maturity has been reached. At present it is not 
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clear whether this is the result of chemical changes occurring during 
storage or merely of the loss of some other constituent in the fruit. 
In this connection it is to be noted that the loss of sugar accompanies 
the increase in fat content and that there is also a decrease in unde- 
termined matter in the storage samples. These losses are not always 
uniform, however, or in proportion to the increase in fat. When it 
is recalled that the analyses were necessarily made on different fruits, 
small inconsistencies can be explained by individual variations in 
the fruits. The loss is not due wholly to evaporation of water, for 
the differences are maintained when the data are stated on the water- 
free basis. 

There is some loss in weight in avocados on storage, but the loss of 
water by evaporation from the pulp is offset by the decomposition 
of other material. Undoubtedly sugar or at least substances of 
similar nature are transformed rapidly and are no longer calculated 
as sugar when the immature fruit is allowed to soften. Such changes 
often amount to well over 50 per cent of the sugar found. This sub- 
ject will need further careful study before many questions can be 
answered. As far as the present investigation goes, it 1s sufficient 
to conclude that there appears to be a decided increase in fat content 
and decrease in sugar content and undetermined matter during the 
storage of immature avocados. These changes are less marked in > 
the case of the storage of mature fruits, which sometimes show a 
reversal in the order of the change. 

With the amount of work so far accomplished, it is impossible to 
attempt to recommend a maturity standard on any of the varieties 
of the avocado. The work here reported covers but one season and 
one locality for each variety. The data on several of the varieties 
are decidedly meager. 

In the search for promising seedlings and varieties, many miscel- 
laneous samples have been examined in the Laboratory of Fruit and 
Vegetable Chemistry. Samples of special interest are those of the 
Guatemalan varieties introduced by the Office of Seed and Plant 
Introduction of the Bureau of Plant NO not a few of which 
are now in bearing in California. 

These samples, the results of the analysis of which are given in 
Table 6, include the following varieties: Pankay S. P. I. 44785, Benik 
S. P. I. 44626, Mayapan S. P. I. 44680, Cantel S. P. I. 44783, Nimlioh 
©. P. I. 44440, Lamat S. P. I 438476, Cabnal S. P. I. 44782, Tertoh 
S. P. 1. 44856, Kanola S. P. I. 43560, and a Chilean seedling S. P. I. 
43475. Of these Pankay, Benik, Mayapan, Lamat, and Cabnal were 

mature in May, when the first samples were obtained. Cantel and 
Tertoh were not mature at that time, and there is some doubt as to 
the maturity of the first samples of Nimlioh. Kanola had every 
appearance of being mature in February. The second sample of 
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Tertoh was poor and possibly immature. As will be seen from the 
table, several of the varieties are rich in oil. Of these Cabnal was 
believed to have the best flavor. Kanola, while small, also has a 
good flavor and possibly matures as early as February, when the 
markets are not glutted with fruit. The protein content of these 
importations is lower than that of the standard varieties developed 
in California. They have the heavy skin of the Guatemalan types, 
which is possibly a marked advantage when shipping quality is con- 
sidered. The seeds in a number of them are also larger than the 
average seeds of the types developed in California. All of these 
fruits are from young trees, and possibly some of the characteristics 
will be modified as the trees develop. 

The analyses of other California types and seedlings are given in 
Table 5. Many of these are seedlings which have not yet been grown 
by vegetative propagation, so that it is of little use to comment on 
their quality. The data, however, are of value to those who are 
seeking promising experimental material. 


CONCLUSIONS. 


No satisfactory correlations between physical properties and ma- 
turity have been found in the avocados examined. 

The proportion of many of the constituents of the avocado changes 
during its development, the most marked change being the increase 
of the fat content. This takes place rapidly while the fruit is imma- 
ture, and much more slowly as 1t approaches maturity, with possibly 
a slight decrease if the fruit remains too long upon the tree. It is 
accompanied by a decrease in sugar content. 

Fruits rich in fat (above 20 per cent) contain at least 70 per cent 
of that constituent on a water-free basis at maturity. 

On storage of immature fruits there is an apparent increase in the 
proportion of fat, accompanied by a decrease in the sugar content 
and undetermined matter. 

Mature fruits on storage do not show this increase to the same 
extent, and at,times show some loss. 

No standards of maturity are recommended. 
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